Abstract. According to multi-branch structure of high voltage power network in coal mine, a new method based on singular value decomposition (SVD) was proposed. The characteristics of reflection and refraction of the traveling wave generated by the fault point were studied and the values measured by devices at initial side of each section were decomposed by SVD after Phase-model transformation. Traveling waves will produce mutations, fault section is the one whose first mutation of forward traveling wave is maximum. This method is simple and effective, and it is not affected by grounding resistance and inception angle. This method can be applied to single-phase and multi-phase grounding and phase-phase short.
Introduction
In China's underground high voltage power network, electrical energy is transmitted through power cables by means of the neutral point grounded by arc suppression coil with the voltage level of 6/10kV. At present, there are mainly active and passive methods as to the section location. The active method is used to distribute network into a specific frequency, amplitude signal, detection of injection signal through the fault to determine the location of the fault [1] [2] . Based on feeder terminal unit, the active method is to detect relevant voltage or current signal and put forward the relevant criteria after a certain mathematical operation [3] [4] .
According to the arc suppression coil connected to the mine high voltage distribution network, the paper first analyzes the travelling characteristics of the traveling wave generated by the faults to all the branches, followed by the derivation of the solution formula of the forward and backward traveling wave by initial line measurement value. The SVD of forward traveling wave of each line is made before comparing the first P2 components of the fault line.
Wave process in a line

Forward and backward traveling wave.
In order to reveal the propagation of the travling wave generated by the fault point and the refraction and reflection at the nodal point of each branch, it is assumed that the line is lossless transmission.
Assuming that the voltage and current of the m mode component after decoupling of the measured signal are um and im respectively, the corresponding forward and backward traveling wave can be obtained as (1) and (2) .
2.2 Refraction and reflection of the traveling wave at the nodal point. When a single phase to ground fault occurs in the line, it is equivalent to a voltage source which is opposite to that of the original voltage. It can be called as virtual power [5] . the access of the virtual power supply is considered with a lossless transmission line. With the prominent fault line, the system schematic diagram is shown in Fig.1 . Fig.1 Sketch map of the traveling wave at the node When switch K1 is closed, voltage generated by the fault line is invaded by the line A. According to Petersen rules as shown in Fig.2 b, among which, n is the total branch of the node, and Uz is the bus voltage of the moment of the traveling wave intrusion node, which is obtained by the Eq.3.
Thus it can be seen that at the moment when the fault traveling wave reaches the node, bus voltage is 2/n of that of the virtual power. Since there are more than two branches in a common node, the voltage of the traveling wave of each branch is less than that generated by the virtual power. Even in the lossless line, after being refracted at the node, the traveling wave generated by the fault line will become small when invading other branches. Actual line need to consider the following factors, such as the wire resistance, the insulation leakage conductance and dielectric loss, which will result in the decrease of the amplitude and steepness of wavefront.
Singular value decomposition
One dimensional signal structure Hankel matrix, after the singular value decomposition SVD is similar to the wavelet transform to get the singular value information [6] . [ , , , ]
is singular values and exists 1
(q=min(m,n)), matrix A can be written as the product of eigenvalues and eigenvectors:
Assuming there is a set of discrete signal
it is obtained from the equation (9) (1) ;
In this way, the original discrete signal X can be expressed by
P is able to indicate information of singular value. Compared with wavelet transform, advantage of SVD is that the phase invariant on each isolated signal is kept as in the original signal . Wavelet transform needs to intercept data, or there will be a large change at both initial and end stages, which increases the difficlty to identify the required signal. While there is no such phenomenon in SVD.
Case study
Simulation model.
Circuit structure is shown in Fig.3 . The system is powered by a 35kV/10kV transformer, and the parameters of the cable in the model are set by the parameters of the MYJV22 model. Arc suppression coil series resistance RL grounding, the system is in a state of over-compensation of 10%. Measurement units are installed in the initial side of each line, respectively, measuring the line phase voltage, phase current, with the sampling frequency of 100k/s. (1) Different initial angle of fault Assume that a single phase fault occurs at the time of 0.035s at section 3, with the initial fault angle from -90° to 0°, and the grounding resistance of 5Ω. After each section's signal decoupling, the forward traveling wave is obtained and P2 component of SVD amplitudes are shown in Tab.1.It can be clearly seen from table 1, with the initial angle close to 0°, the amplitude of each section has a significant reduction. But the amplitude of fault section 3 is still the largest, which is able to determining the fault section where the method is not affected by initial angle.
(2) Different grounding resistance Single phase to ground fault occured at 0.035s of section 3, with the initial fault angle of 15°. The comparison of the different grounding resistance is shown in Table 2 . It can be seen that the method can be accurately used to identify the fault section when the grounding resistance is different, with obvious effect.
(3) Different fault types At present, most of the methods are based on single phase to earth fault which accounts for more than 80% of the electrical fault. This paper presents a method based on the virtual power access method, and it is not affected by fault types. Continuing to use the 3.1 system model, with the fault resistance of R=5Ω, θ=30°, the fault occurred in the 0.035s. 
Summary
In this paper, the transmission at the node of the traveling wave is analyzed, and the fault section is detected by the method of the mutation of the traveling wave based on the refraction and attenuation characteristics. The installation of the first detection device in each section followed by the transformation of the voltage and current phase mode can lead to the solution of the direct wave. After the direct wave is processed by SVD, the fault location is judged according to the size of the first mutation value. According to the analysis of the theory of traveling wave, the maximum value of the fault section represents the fault section. The method, simple, effective and practical, can be used to diagnose the fault area in different initial angle, fault resistance, single phase, multi phase grounding and interphase short circui.
